Abstract. The atmospheric transmission is an important parameter affecting the solar radiation and surface thermal radiation. In this paper, MODTRAN radiative transfer model was used to analysis the atmospheric Transmission in middle infrared (MIR) spectrum of VIIRS. We have quantitatively simulated and analyzed the effect of atmospheric profile, aerosol type, visibility, moisture content and observed zenith angle on atmospheric transmittance using the two MIR channels of VIIRS (M12 band and M13-band). The results showed that the transmissivities of the both two middle infrared channels M12 and M13 of VIIRS are influenced by the aerosol type, visibility and observation angle. And the influence of these factors on the M12 channel transmittance are greater impact, in addition, M12 band is strongly influenced by the change of atmospheric profile.
Introduction
Atmospheric transmittance is an important parameter for the radiation of solar and surface, which is also significant in inverting the surface parameters, such as surface temperature, surface reflectivity, etc. When the solar radiation and surface radiation are transport in the atmosphere, they are not only affected by the absorption and scattering of atmospheric molecules such as H2O, mixed gases (CO2, CO, N2O, CH4, O2) [1] , O3, N2, but also affected by aerosol particles, that will result the radiation attenuation in solar and surface. The medium infrared band is between the visible-near-infrared (VIR) and thermal infrared (IR) bands, so its energy exhibits a unique transition in the transmission process, and its atmospheric transmission characteristics are significantly changed. On the other hand, since the remote sensing load is a band-pass system, the actual energy value measured by the load is greatly affected by the atmospheric transmittance of channels [2] . Therefore, it is necessary to carry out an in-depth analysis on the total atmospheric transmittance and the influence factors of channel transmittance.
Bohui Tang, Zhaoliang Li et al. have analyzed the influence factors of transmittance of the medium-wave infrared channels 22 (3.929-3.989 μm) and 23 (4.020-4.080 μm) of MODIS [3] . But their research were mainly focused on the analysis of aerosol and water vapor content, and did not considered the other influence factors of atmospheric transmittance. In addition, their research were only analyzed the required 22 and 23 channels, ignoring other medium-wave infrared channels. Zhiguo Rong [4] , Yonggang Qian[5] have briefly analyzed the characteristics of atmospheric radiation of the medium-wave infrared channel, and did not analyze the transmittance of the medium-wave infrared channel.
In the visible-near-infrared band and the thermal infrared band, there are many literatures on atmospheric transmittance and the study are also mature [6] . However, the atmosphere spectral transmittance and channel transmittance of middle infrared band have not analyzed in detail in the present paper. In this paper, we have use MODTRAN4 radiation correction model [7] to analyze the atmospheric transmittance of the middle wave infrared channels. On this basis, we have quantitatively simulated and analyzed the effect of atmospheric profile, aerosol type, visibility, moisture content and observed zenith angle on atmospheric transmittance using the two middle infrared channels of VIIRS (M12 band, 3.660-3.840 μm, center wavelength 3.697 μm and M13-band, 3.973-4.128 μm, center wavelength 4.05 μm).
The VIIRS Instrument
The Visible/Infrared Imager Radiometer Suite (VIIRS) [8] is one of the five major Earth observing instruments onboard S-NPP and JPSS. VIIRS signifies a new era of moderate-resolution imaging capabilities following the legacy of AVHRR and Moderate-Resolution Imaging Spectroradiometer (MODIS).
The VIIRS instrument is a whiskbroom scanning radiometer with a field of regard of 112.6°in the cross-track direction. At a nominal altitude of 824 km, the swath width is 3040 km, providing full daily coverage both in the day and night side of the Earth. VIIRS has 22 spectral bands covering the spectrum between 0.412 µm and 12.01 µm, including16 moderate resolution bands (M-bands) with a spatial resolution of 750 m at nadir, 5 imaging resolution bands (I-bands) -375 m at nadir, and one panchromatic daynight band (DNB) with a 750 m spatial resolution throughout the scan. The M-bands include 11reflective solar bands (RSB) and 5thermal emissive bands (TEB). The I-bands include 3 RSB bands and 2 TEB bands (Tables 1) [9] . VIIRS data has 7 TIR channels (3.5~14.5 µm) among all of its 22 channels. They are channels M12-M16 and channels I4-I5. Therefore, selecting appropriate TIR bands by conditional analysis of atmospheric window is necessary.
Figure1 shows atmospheric transmissions curve at viewing angle 45°from nadir in mid-latitude summer condition(column water vapor, cwv = 2.9 cm; surface visibility at 0.55 µm, vis. = 23 km). We can see from figure 1 that there are two atmospheric windows in the spectral scope of 3.5~14.5 µm. One is 8~13 µm atmospheric window and the other is 3.5~4.2 µm atmospheric window.
Fig.1 Atmospheric transmissions curve
In this paper, the M12 and M13 channels of VIIRS are taken as an example to analyze the influence factors of the transmittance of medium infrared channel in 3.5-4.2μm. This paper will quantitatively analyze for which atmospheric components or which atmospheric conditions that the transmittance of these two bands will sensitive in the atmospheric correction. First, we use MODTRAN4 to quantitatively analyze the two-channel transmittance on different atmospheric profiles (tropical, mid-latitude summer, mid-latitude winter, sub-polar summer, sub-polar winter, 1976 US standard atmospheric profile), different aerosol models (villages, oceans, cities, troposphere , convective fog, radiation aerosol, etc.), different visibility, different water vapor content and different observation angle. Fig. 2 to Fig. 6 show the transmittance results of M12 and M13 channels of VIIRS that simulated by MODTRAN4 under different influence factors. 
Conclusions and discussion
From the above simulation curves of channel transmittance, we can find that the transmittances of the both two middle infrared channels M12 and M13 of VIIRS are influenced by the aerosol type, visibility and observation angle. And the influence of these factors on the M12 channel transmittance are greater impact, in addition, M12 band is strongly influenced by the change of atmospheric profile. When the visibility is more than 15Km, the channel transmittance of the two channels in the mid-latitude summer atmospheric profile is less affected by it. The atmospheric transmittance of the M13 channel almost does not change by the water vapor content, but the atmospheric transmittance of the M12 channel affected to a certain extent by it. Therefore, it is necessary to consider the influence of the change of water vapor content when using the M12 channel to invert other parameters (such as surface reflectivity, temperature, etc.). Through the simulation of channel transmittance of the M12 and M13 bands of VIIRS, it is possible to understand the factors that affect the atmospheric transmittance in the middle infrared band. So we can improve the accuracy of atmospheric correction and surface reflectivity inversion results, and on this basis, the inversion algorithm can also do further error analysis.
